Study aim: the aim of this study was to determine how body height, body weight, and moderate physical activity affected postural stability in young schoolchildren. Materials and methods: the study population consisted of 148 primary school pupils. To assess postural stability, we used the CQStab2P stabilometric equipment (the bi-platform version), and an assessment of physical activity was conducted via questionnaire.
Introduction
Human postural balance function as an inseparable feature of motor activity is defined in the literature as the ability of the body to maintain body position without assistance, with the exception of uncontrolled falls [5, 9] . The crucial age for developing postural control is between the first and the seventh year of life [16] , though Roncesvalles argues for extending this period to the eight or even ninth year of life [19] . At puberty, posture weakens due to neurohormonal reasons, after which the normal and stable posture is developed. Such posture is characterized by normal muscle tension as well as the development of physiological spinal curvatures. This state lasts until approximately the thirtieth year of life at this point, the balance system function gradually deteriorates [6] . In normal situations, keeping balance results from subconscious reflex reactions. It depends on the constant cooperation of sensory systems: the visual, the proprioceptive, and the vestibular systems [3, 6, 21] . Information on the movement of the foot centre of pressure (COP) is processed in the central nervous system. It activates the centres of motor system, and they control and limit the swaying of the body. The proprioception receptors specify the force of foot pressure onto the ground and register the degree of muscle tension, which in turn controls the mobility of joints. The proprioception receptors are to provide information on the position of the body in space, as well as on the velocity and direction of the performed movement [4] .
The vestibular system informs the body of the linear and angular acceleration that the head is subjected to as a result of external forces among others, gravity [7, 13] . It allows for the orientation of body positioning in space and determines postural control on the basis of an external referential system, as described by Massion [14] .
According to Biec et al., the most popular method for testing postural stability is the measurement of the COP signal with the use of a platform [2] . In recent years studies have been conducted to determine and systematise posturographic parameters; yet, certain doubts resulting from the published results provide a good reason for conducting continuous posturographic studies in children of different ages. Peterson et al. found that children under 12 years of age are unable to fully use the vestibular system and visual stimuli in their process of postural control [17] . Steindl et al. proved that children lacked the integration of stimuli from the vestibule and the visual system in maintaining an upright body position. An objective and comprehensive test of the balance system is crucial for the assessment of balance abilities. Unfortunately, only a few physiotherapists and sports coaches are knowledgeable enough to be able to test postural stability and to interpret it correctly [20] .
The aim of this study was to assess the body balance of primary schoolchildren (grades 1-3) as related to their body weight, body height, and frequency, as well as type of physical activity.
Material and methods
Consent to conduct these tests was obtained from the University Senate Ethics Commission. 148 children were included in the study-70 girls (47.3%) and 78 boys (52.7%) from grades 1-3. All children tested were healthy and physically able, and they did not report any problems with the locomotor system. Table 1 presents the children's biometric data. Out of the entire study population, 95 children (68%) participated in additional sports classes, and 25 of them (16.6%) took part in more than one class. Among those who participated in one class, the most popular activities were dancing and fitness classes, with 26 children (17.2%) participating. Swimming and team sports were popular as well -15 (9.9%) and 14 (9.3%) students participated in these activities, respectively. The study population usually participated in the specified classes once or twice a week. As many as 46 children (30.5%) did not participate in any sports classes.
Another type of extracurricular activity the children were asked about were academic activities not related to sports, such as foreign languages, the arts, music or drama classes, and scouting. 46 children participated (30.5%) in these activities, with 24 of them participating in more than one class. The most children -41 (27.2%) -studied foreign languages. Children typically participated in additional academic classes once or twice a week.
All of the studied children were active outside of school or additional classes; for example, cycling or walking in the vicinity of their homes. Most of these children-38 (25.2%) -did these activities every day, while 23 (15.2%) and 25 (16.6%) did them four and five times a week, respectively. The subjects were also asked about time spent passively, i.e. using a computer or smartphone, or watching television. Most children -66 of them (43.7%) -had one hour per day of screen time, while almost as many (52 children, 34.4%) had two hours a day of screen time per day.
The study population was divided into centile groups, depending on body weight and height. Table 2 presents the number of subjects in each group.
The criteria for subject inclusion in the study were the children's voluntary participation in having their measurements taken, and their parents filling in a questionnaire on the child's time spent outside of school as well as expressing written consent for one's child to participate in the study.
The criteria for subject exclusion were dysfunctions of motor system that affected balance, bad health that made it impossible to participate in the study, lack of parents' consent for their child's participation in the study, or failing to fill in the questionnaire. The participants were able to resign from participation at any moment without any consequences.
In the study, we used a survey designed on our own. The questions concerned participation in extra-curricular classes and about how free time was spent. It allowed us to define the level of physical activity of the subjects, as well as its type and frequency.
To assess postural balance, we used the CQStab2P stabilometric equipment with two platforms. It allows for taking independent measurements of the centre of pressure projection for both the left and right foot. We assessed balance on the basis of the following parameters We started the tests by asking the parents to fill in the questionnaires on their children's physical activity. On the following day, we conducted body balance tests and measurements of height and body weight. All the participants were tested in the afternoon and during the same season of the year, in order to enable fair comparisons among subjects. To test body balance, we used the CQStab stabilometric equipment with two platforms and the producer's software. Each of the platforms is equipped with three force sensors, which determine the movement of the subject's centre of gravity as well as the projection of the centre of pressure of the foot (COP). During the test, the equipment registered the values of structural stability, as well as static balance during trials with eyes open and then eyes closed.
Each subject had two tests -with their eyes open, and with their eyes closed. Each of these tests was 30 seconds long. On the wall in front of the children, we put a mark at eye-level so that the children knew what to focus their sight on. Prior to the test, the equipment was calibrated each time. Figure 1 illustrates how the tests were conducted. 
Fig. 1. Tests on CQStab2P platform

Statistical analysis
To analyse the data, we used the STATISTICA 8.0 PL software package by Statsoft. To define the significance of the correlation coefficients, we used the Kendall rank correlation coefficient. The statistical significance of correlations was set at p<0.05. Additionally, we used the ANOVA analysis of variance, and the comparisons of means, standard deviations, median, and extreme values of results.
Results
14 (31.1%) children participated in sports and games, 9 (6%) in martial arts, 29 (17.9%) in dancing, and 11 (7.3%) in track and field, while only 4 participated in swimming. Once a week 4 (2.6%) children participated in these activities, 14 (9.3%) twice, 31 (20.5%) three times, 23 (15.2%) 4 times, and 69 (45.8) 5 times or more. Additionally children participated in non-organised activities like walking, playing outside, and cycling at the following frequencies: 18 (11.9%) 1-2 times a week, 54 (35.7%) 3-4 times a week, 69 (45.8%) more than 5 times a week.
We analysed the stability parameters, as shown in Ta Our results showed a statistically significant dependence between the body height and body weight of the children and the analysed parameters with both eyes open and eyes closed. Table 4 presents data on the significant relationships between SP, SPAP, SPML, MV, and body height, body weight, and age.
Having analysed the results of the physical activity questionnaire, we found a statistically significant dependence between participating in additional sports classes and some of the parameters measured with eyes closed. These parameters included the COP path length (p = 0.05) and mean COP velocity (p = 0.049). We did not find any statistically significant relationships between postural stability and participation in additional academic classes, or between the total amount of different sports classes in a week.
Discussion
The coordination and efficient functioning of distinctive systems and organs poses a challenge to the functioning of the human body. Maintaining depends on the vestibular system, the visual system, and the proprioceptive receptors, whose task is to pass on information to the effectors, or the muscles [3] . Balance control relies on both the static and dynamic balancing of destabilising gravity forces, in that it activates the relevant muscle groups [6] . Human body balance is of primary importance to everyday activities, motor development, sports, and physiotherapy. The importance of maintaining stable posture is not in doubt; however, doubts may start to arise once we begin testing for balance [22] . Balance system disorders pose difficult diagnostic and therapeutic problems due to their complex aetiology. A precise assessment of the mechanisms and systems responsible for body stability requires complex testing. The posturographic test provides a precise assessment of the functioning of the balance system [2] .
In body balance assessments, tests are conducted with both eyes open and eyes closed. Numerous studies stress the weakening of postural stability once visual control has been cut off, even for a very short time [10, 11, 13] . Peterson et al. proved that children under 12 are not able to fully use the vestibular and visual stimuli in postural control [17] . Moreover, Steindl et al. found that in the process of maintaining an upright position, the stimuli from the visual system are not integrated with the stimuli from the vestibular system until as late as 15-16 years of age [20] .
In our study, we also asked the subjects to undergo two trials (with eyes open and eyes closed). Having analysed the results of all of our subjects, we found that almost all of the parameters we measured increased in the trial with eyes closed. It would seem that all parameters should worsen with eyes closed, yet we found a reverse tendency in the case of the maximal amplitude between the two most distant points of the COP path on the x-axis. This may mean that distractive visual stimuli were eliminated. Still, we are unable to explain how to relate this to the results of the remaining parameters. Therefore, the maximal amplitude between the two most distant points of the COP path on the x-axis and on the y-axis with eyes closed may provide a relevant subject for further studies.
Biegański et al. studied 16-19 professional male football players and found that even though the players trained extensively for football over many years, they did not have lower posturographic results in trials with eyes closed in comparison to their clinical control group, consisting of their male peers who did not train professionally for any sport. No statistically significant differences were found between the two groups in trials with eyes open. Biegański et al. concluded that regularly playing sports impacts postural control, yet the relationship probably depends on the particular sport being trained. The group of junior footballers was not unambiguous, as there was a considerable standard deviation [3] .
Our study population consisted of children who participated in extracurricular sports classes, where they developed their athletic skills by playing team sports, swimming, or dancing; the population also consisted of students who took part in academic classes, where they broadened their horizons by studying foreign languages or by playing music. For the children who played sports, we found a weak, yet important correlation in COP path length as well as in mean COP velocity in the trials with eyes closed. We found that these parameters were better in children who were more physically active than in children who were taking academic classes. An analysis of the results of our questionnaire on physical activity did not reveal any relationship between postural stability and participation in academic classes. Moreover, we did not find a correlation between the number of different sports classes a child completed in a week and their static balance. To understand the issue better, it would be advisable to conduct a separate study, which would test students who played sports professionally and need high-precision moves and very efficient balance mechanisms. Numerous authors believe that the age of seven is critical to postural development; and that this is the period when children may experience the biggest problems with maintaining balance [16] . Other authors suggest that the period of postural control development be prolonged to the eighth or ninth year of age [19] . There are also such studies in which the stability control of seven-year-olds is compared with the stability control of adults [18] . Studies by Bawa reveal, however, that in children younger than seven years old, the proprioceptive reflex loop does not yet function, which in later years supports postural stability [1] .
Balance control disorders pose a significant social challenge. Therefore, postural stability should be measured as early as possible, for instance in the early school years-as it was in our study. To foster more care for balance issues beginning in the early years of life, it seems adequate to conduct balance screening in schools. Proprioception, as well as touch and vestibular sensations have a primary role in providing information on body movement and how it's used in space. As a result of good movement planning, the body can deal with each encountered activity. If a child can use these skills, s/he can control both their static and dynamic balance without needing advice or support. A conscious concentration on the task at hand is key in planning movement [15] . To conclude, to enhance children's development beginning in their earliest years, support should be given to postural stability, as it plays a significant role in planning therapeutic programmes. Optimal physiotherapy, with an emphasis on sensory integration, can be applied; these can be done during integrative school sports classes, or by attending individual therapy. The results of our study also reveal this kind of dominance in COP sways, with the exception of the maximal amplitude between the two most distant points of the COP path on the x-axis with eyes closed, as discussed above.
Era et al. found that among study populations of different age groups, significant differences can be found as early as among the youngest subjects [8] . Lebiedowska and Syczewska focused on the significant increase of stabilographic values in their young study population, related to the not yet fully-formed balance mechanism [12] .
Value of the study: our study tried to find an answer to whether body weight and height influence the chosen parameters of centre of foot pressure sways. Having analysed the results, we found a tendency for better upright stability in children who were taller and had greater body weight. There are no reports in the literature on the impact of body height or weight on a particular type of posture [7, 15, 23] . It is equally difficult to find an explicit study on the impact of body height or weight on postural stability. Hence, our study aims to point to the necessity of conducting such further research. To verify the relationships, it is advisable to continue the studies with a larger study population, containing the same number of participants in each centile group.
Limitations of the study: in our study, the largest group of children were in the 25 to 75 centile range; therefore, they were closest to the norms for their age in respect of height and weight.
Conclusions
1. Children's postural stability improved with age. 2. Children who took part in sports classes had better body balance. 3. The number of sports classes attended did not correlate with better postural stability.
